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We, Imperial Chemical Industries 
Limited, of Imperial ChemicaJ House, 
Millbank, London, S.WJ. a British Com- 
pany, do hereby declare the invention, for 
which we pray that a patent may be granted 
to us, and the method by which it is to be 
performed, to be particularly desaibed in 
and by the following statement: — 

This invention ^ates to polyurethane 
polymers and more particular^ to a new 
process for the preparation of thermoplas- 
tic elastomeric jv^lyurethane polymers. 

According to the invention there is pro- 
vided a process for the manufacture of ther- 
moplastic, elastomeric polyurethane poly- 
mers which comprises reacting together un- 
der slightly acid conditions at a tempera- 
ture below lOOX.. preferably at from 50*»Q 
to lOO^C, a substantially linear polyhydroxy 
compound of molecular weight greater tl^ 
800 and preferably between 800 and 5000, 
and an excess of an organic diisocyanate 
having an acidity below 0.02% as deter- 
mined by the method herein described, 
heatuig the product ^50 obtained to a tem- 
perature of 60 to 150**C and mixing with 
a low molecular weight diol supplied to the 
mixmg vessel at a temperature of from 15 
to I50**C with a^tation for a period of 
from 20 seconds to 3 minutes, thereafter dis- 
chaining the mixture from the mixing ves- 
sel, heating it at from 70 to 130°C until 
it solidifies and thereafter heating the solidi- 
fied mixture at a temperture up to 120*C. 
for a period of from 6 to 40 hours. 

By a "low molecular weight diol*' is 
meant a compound having two aliphatically- 
or alicydically-bound hydroxyl groups and 
a molecular weight of at most 250. 

As polyhydroxy compounds of molecular 
we ifibt greater than 800 . there may be men- 



tioned polyetherthioethers and polyacetals 
but it is preferred to use a polyester or a 
polyether. These polymers should prefer- 
ably be linear but may be slightly biandhed 
and should either be liquid or have a melt- 
ing point not higher than 60*C 

As example of polyethers which can be 
used there may be mentioned polymers and 
copolymers of qrdic oxides* for easample 
1 : 2- alkylMie oxides such as ethylene oxide 
epichlorohydrin, 1 : 2-propyIene oxide, 1:2- 
butylene oxide and 2:3-butyIene oxide, 
oxycydobutane and substituted oxycydo- 
butanes and tetrahydrofuran. There may 
also be mentioned polyethers sudi as are 
prepared for example by the polymerisation 
of an alkylene oxide in the presence of a 
basic catalyst and water, glycol or a pri- 
mary monoamme. Mixtures of such poly- 
ethers may be used. The preferred poly- 
ethere are polypropylene ether and poly- 
tetrahydrofuran polymers. 

As examples of polyether-thioethers 
which ^ be used there may be mentioned 
the products of the self-condensation of thio- 
glycds such as thiodiglycol or of the con- 
den^tion of thio^ycols with glycols. 

The polyesters whidi can be used may be 
made by oonventional means from aJiphatic 
dKarboxyhc adds and dihydric alcohols 
Suitable dicarboxyKc adds indude sucdnic* 
gjutan^ adipic phndic, suberic, azelaic, 
and sebadc adds and mixtures of these 
SmaU proportions, up to about 20 mole % 
of phthahc, isophthalic and terephthalic 
acads can also be used. Suitable dihydric 
alcohols indude ethylene glycol, 1 :2-propvl- 
«ie glycol diethylene glycol, dipropylene 
glycol, tnmethylene glycol, 1 :2-, 1:3-, 2:3-, 
and l:4-butylene glycols, neopentyl glycol^ 
pentamethylene glycol, and hexamethylene 
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glycol and mixtures of these. Small pro- 
portions of polyols containing more thaa 
two hydroxy! groups, for example gJyceroL 
trimethylolpropane or pentaerythntol imy 

5 also be used. The acid value of pdyester 
used should be less than 6.0 and preferably 
less than 3. The preferred polyesters have 
melting points below 60**C and are de- . 
rived from glycols having from two to eight 

10 carbon atoms and dicarboxylic adds havmg 
from four to ten carbon atoms. Particu- 
larly suitable are polyesters of molecular 
weight between 1000 and 2500 denved from 
such dicarboxyHc adds, especially adipic 

15 acid, and a gjycx)l or mixture of flycCI^ 
Polyesters obtained by polymeri^on of 
cyclic lactones or mixtures of cydic to^ 
tones sudi as €-caprolactone and ite alJcyl 
substituted derivatives are also suitable. 

20 As examples of polyac^ols which can be 
used there may be mentioned the reacbon 
products of aldehydes, such as lOTnaWe- 
hyde. acetaldehyde and butyaldehyd^ 
with dihydric alcohols such as propyl- 

25 

ene glycol, butylene glycol, and. oietnyH 
ene glycol. It is prefered that the 
org^c diisocyanate used m the new 
process should be one having a 
metrical structure, for exampfe^hexa- 

30 niethylene-l,6-diisocyanate, tetramefliyl^ 
1 4.diisocyanate, 4,4^-diphenyhnethane di- 
isocyanate, l,4.phenylene diisoqranate and 
1 5-naphthylene diisocgranate, Hexamethyl- 
ene-l,6-diisocyanate and 4.4*.diphenyhneth- 

35 ane diisocyanate are particularly suitaWa 
The low molecular wdght diol used m 
the second step of the new ^roc^is roe- 
ferably one which is capable of reactog wth 
an organic diisocyanate as the sole otli» 

40 reactant to form a crystalline polymer of* 
melting point at least 150-C. Preferred ex. 

amples of sudi diols are ethylaie gfycd. 
1 4-butanediol 1,6-hexanedioaL l,4-bis-(p- 
hydroxyethoxy)benzene and 1,6-cydoliex- 

45 anediol. ^ 

Small amounts of one or more com- 
pounds of the type known to be^ectiye 
hi stabilisation of polymers to h^t or to 
oxidative or thermal discolouration or de- 

50 gradation such as alkylsiA^trf pheno^^ 
impounds, may beadded. mm and 

Snise interference with the palym«- 
formmg reaction of the dnsocgranale. these 

65 additives should be dry. 

The mteraction of the polyhydro^ com- 
pound of molecular weight greater than 800 
with the isocyanate caa be earned out m- 
dependentiy of the othear steps to give a pn- 

60 miry condensation product of excellMit sta- 
bility which can be used as and r&. 
quired for the remainmg stag^ For this 
purpose, the hiteraction should be rained 
out under slightly addic conations. : In ad- 

65 dition to providmg an intermediate laroduct 



of excellent stability, this procedure leads 
to final condensation products more readily 
mouldable. The most likely explanation h 
that such a procedure suppresses side-reac^ , 
tions in which branched chain intermediate '0 
condensation products are formed, but the 
invention is not to be limited by any as- 
sumption that this explanation is correct. 
The amount of add present should be such 
as is equivalent to an amount of hydrogen 
chloride correspondmg up to 0.02% by 
weigjit of diisocyanate; the lower limit of 
addity varies with differait polymers, but 
whether suffident is present can readily be 
determined by a trial, and, if necessary, 
suflSdent add can be added to the mixture 
to bring the acidity to a dearable level 
Either mmeral add or an organic acid can 
be used, but in the latter case, the add dis- 
sodatioa constant and potential reactivity ^ 
with isocyanates should be taken into con- 
sideration and if necessary an appropriately 
larger amount used. Thus, it is usually ap- 
propriate to add to the polymeric polyhy- 
droQcy-compound about 0.1% by weight of 
adipic add prior to its reaction with the di- 
isocyanate. The addity of the diisocyanate 
can be measured by adding a measured 
weight of the diisocyanate to a large excess 
of n-propanol, standing the mixture at or- ^ 
dmary temperatures for about 10 minutes to 
allow the «-propanol and diisocyanate to 
react together con^detdy, then titrating with 
a standard solution of potassium hydroxide 
in alcohoL 

The remaining stagps are preferably car- 
ried out consecutively and in a continuous 
manner. For example, the primary conden- 
sation product and the low molecular weight 
^ycol, at a temperature within the stated 
ranges can be independently fed to a heated 
mixing djamber containing a device for 
mixmg the two reactants, and so constructed 
that the liquid mixture issues onto or into .-^ 
a further heated receptade such as a mov- 
mg bdt which passes over a platen heated 
to the required temperature. After a short 
time the mixture solidifies and can be sub- 
jected to the final heating step m the form 
of a sheet or if deared may be broken mto 115 
strips or granules before heating. Convrai- 
tional catalysts for isocyanate reactions, 
such as organic and inorganic bases and 
organometallic compounds may be added 
with the low molecular weight diol if neoes- 120 
sary to accelerate the rate of solidification 
of the reaction mixture. 

This final heating stage is preferably car- 
ried out m absence of oxygen and moisture, 
for example, in a dosed container, under a 125 
blanket of mtrogea or in a vacuum oven. 

The proportions erf the polyhydroxy com- 
pound, isocyanate and diol should be sudi 
that the poljiiydroxy compound forms ffom 
35 to 80%. preferably 40 to 65% of tiie total 130 
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weight and the isocyanate compound is 
from 1 to 1.25 times the theoretic^ amount 
required to react with all the hydroxyl 
groups present in the polyhydroxy com- 
6 pound and the low molecular wei^t diol. 
The products obtained by the process of 
the invention are thermoplastic and are 
suitable for the production of elastomeric 
moulded articles oy compression moulding. 

10 extrusion, calendering and other commonly- 
used methods of moulding thermoplastic 
materials. In order to attain mayimuin 
properties it is usually preferred to heat the 
final moulded article at a temperature up to 

15 120*'C. for up to about 24 hours after 
moulding. 

The invention is illustrated but not 
limited by the following l^amples in whicb 
parts are by wd^t 

20 Example 1 

1856 Parts of polyethylene adipate having 
a hydroxyl value of 59.8 mg.KOH/gm. and 
an add value of 0.6 mg.KOH/gm„ 375 
parts of 4,4^-diphenylmethane diisocyanate 

25 having an acidity equivalent to 0.002% by 
weight of hydrogen chloride, and 1.86 parts 
of adipic acid were heated together at 80**C 
for 1 hour and cooled. The resultant pro- 
duct had an isocyanate content of 11.67% 

30 by weight 

This product was pumped at a tempera- 
ture of 105°C and at a rate of 1500 grams 
per hour to a mixing unit of about 25 cc. 
capadty endosed in an electrical heating 

35 element, and with an agitator rotating at 
600 r.p.m. By a separate feed-line, 1,4- 
butanediol at 18° C was pumped to the 
mixing chamber at the rate of 167 grams per 
hour. The heater was adjusted such that 

40 the Hquid mixture issued at 100** C, the 
occupancy period in the mixer being just 
less than one minute. The liquid nodxture 
was allowed to fall on a moving belt made 
of polytetrafluoroethylene-coated glassdoth 

45 which passed over a platen heated at 100** 
C After about 1 minute, the mixture solidi- 
fied and was broken into strips and stoved 
in a nitrogen atmosphere at 80"* C for 24 
hours. 

50 This product was moulded from an injec- 
tion moulding machine having a Iwrrel tem- 
perature erf 183** C and nozzle temperature 
of 164° C and then heated in an oven at 
1^—110** C. fOT 20 hours* to give material 

»5 having the following properties: 



tensile strength 
elongation at break 
perman^t set 
modulus at 300% 
60 exten^on 
hardness 



537 kg/cm,» 

587% 

30% 

212 kg/cm * 
9r Shore A. 



ing a hydroxyl value of 52.45 mg. KOH/g. 
and add value 1.75 mg. KOH/g., 1656 65 
parts of 4,4Miphenylmethane diisocyanate 
having an addity equivalent to 0.002% by 
weight of hydrogen chloride and 2,58 parts 
of adipic add were heated together at 80** 
C. for 1 hour and cooled. The resultant 70 
reaction product had an isocyanate content 
of 10.57% by wdght. 

This product was pumped at a tempera- 
ture of 100^ G and at a rate of 3000 g./ 
hour to a mixing miit of about 25 cc. capac- 75 
ity endosed in an electrical heating element, 
and with an agitator rotating at 600 r.pjn. 
By a separate feed line 1,4-butane diol at 
50'C was pumped to the mixing cbamber 
at the rate of 316 g./hour. The heater was 80 
adjusted sndi that the mixing was cctiducted 
at 105"* C, the occupancy period m the 
mixer being about 30 seconds. The liquid 
mixture was allowed to fall on a moving belt 
made of polytetrafiuoroethyl^ coated 85 
glassdoth which passed over a jrilatMi heated 
at 100** C After about 1 minute the mix- 
ture solidified and after a further 4 — ^5 min- 
utes was bn&en into strips and stoved in a 
nitrogen atmos|)lia» at 110** C for 24 90 
hours. 

Ilus product was moulded from an in- 
jection monldii^ machiae having a barrel 
temperature increasing bom 170* C at the 
rear to 190** C at the nrazle and then 95 
heated in an oven at 105— 110** C for 20 
hours to give material having the following 
properties: 



tensile strength 
elongation at break 
permanent set 
modulus at 300% 
extension 



Example 2 
2587 Parts of poly(ethylene adipate) hav- 



600 kg/cm.« 
500% 100 
30% 

222 

50** Shore D 

Example 3 105 

2070 Parts of poly(ethyIene adipate) hav- 
ing a hydroxyl value of 5Z45 mg.KOH/g. 
and acid value of 1.75 mg.KOH/g., 1575 

Earts of 4»4^-diitenylm^ane diisocyanate 
aving an addity equivalent to 0.002% by HO 
weight of hydrogen chloride and 2.07 parts 
of adipic add were heated together at 80** 
C. for 1 hour and cooled. The resultant 
reaction product had an isocyanate content 
12.18% by wdght 115 
This product was pumped at a tempera- 
ture of 75** C and at a rate of 3000 gVhour 
to a mixing unit of about 25 cc. capadty 
endosed in an dectrical heating element, 
and with an agitator rotatmg at 600 r.pjtn. 120 
By a separate feed line 1.4-butanediol at 
50'' C was pumped to the mixing chamber 
at the rate of 369 g./hour. The heater was 
adjusted such that the mixing was con- 
ducted at 75 the occupancy period in 125 
the mixer being about 30 secc»ids. The 
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liquid mixture' was allowed to fail on a 
moving belt made of polytetrafluorbethylene 
coated gIassdtoth.whi<A passed over a platen 
heated at lOO** C After about 1 minute 
the mixture solidified and after a further 
A — ^5 minutes was broken into strips and 
stoved in a nitrogpn atmosph^ at llC* C 
for 24 hoiirs. \. ; ^ * . 

This product was moulded from an m- 
jection moulding machine having a barrel 
temperature increasing from 170/ C at .ih^ 
rear to 190** C. at the nOTzle and heated in 
an oven at 105—110*' C for 20 hours to 
give material having tiie iollowmg prop- 
erties: 



tensile strength ... 615 kg/cm.* 
elongation at break 512% 
perman^t set . 50% 
modulus at 300% . . 

20 cKtension ... ^SS-te/ca^ 
hanjness 55** Shore B 

2575 Parte of poly(ethyIene adipate) hav- 
ing a hydroocyl value of 52.87 mgXOH/& 
26 and add value of 1.6 ihg.KOH/g., 1625 
parts of 4,4^-dii^enyhnethane diisocyan^ 
having an addity equivalent to 0.002% by 
weight of hydrc^^ chloride and 257. parts 
of adipic acid w«re heated together at 80^ 
30 C for 1 hour and coojed. The resultant 
reaction product had an isocyanatQ coiitMit - 
of 10.42 % . by weight 

This product was pumped at a tempera-- 
ture of 116**. C and at a rate of 1500 g./ 
35 hdiff to a -mbdiig unit of about 50.:ccs. 
capadl^ endbsed in art deetrical heating- 
dement, and ^th' an agitator rotating at 
600 r.pjn. : By a separate feed, line ethyl- 
ene: ^ycpl at 50** C was pumped to" the 
40 mixing chambd: at the rate of 111 g./hour. 
The heater was adjust^ such that the mix- 
ing was conducted at 130" C the occu- 
pancy period in the mixer being about 2 . 
minutes. iThe^ Bqnid mixture was allowed: 
45 to fan on a moving bdt made of polytetra-i 
fluoroethylene gla^otfa which passed :over 
a platen heated at 100? C After about ,1 
minute the mixtttre sdidified and. aftM- a 
further 4-T-5 minutes was hrdken into strips 
50 and stoved in a hitrqgpn ataKMphere at 
110** for 20 hottts. - : ' . . . 
Tlus product was. moulded; ±rdm an m- 
■ j^tion moulding xnachine hawng a barrel 
temperature increasing from 170*C at the 
55 rear to 190**CX at the nozde and heated in 
an oven- at 105— 110**C for 20 hours to 
give" material havmg ^e following proper- 
. ties: . - '■' - " - :V 

tei^ strength ' . .^ 620 kg/cin* 
60 v .ielon^tbh at break 650% 
permanent " set . ; • ... 80% 
modulus at 300% ' ' 

adension ' . 270 :te/<att*: 
laidness ' ' ■■• ... 'W' BS* 



Example 5 . "■ ■ :■ ■ 
- 1912 Parts erf pblytetrahydfofuran„havihg 
a hydroxyl value of 70.09 mg. KOH/g. and 
add value 0.086 mg.KOH/g, 1657 parts 

. of 4,4^-diphehylmethane diisocyanate hav- 
ing ah addity . equivalent to 0.002% by 
wei^t of hydrogen chlonde and 1.91 pajts 

. of adipic add were heated together at 80'*C 
for 2 hours and cooled. The resultant re- 
action product had an isocysinate content 
of 12.64% by wd^t 

This product was puinped at. a tempfcra- . 
ture of lOQ^^C aM. at a rate of 3000 g;/hour : 
to a mixing unit of about 25 cc. capad^ 
endowed in an. deetrical . heating element, 
and with an agitator rotating at 600 r.pjn. 

. By a .sieparate f^ Kne^ -1.4-butanediol at 
50*C was pumped to the mixing chamber 
at the rate of 372^7 &/lK>ur. The heater was 
adjusted such that the inixmg was con- 
diurted at 100**C t& occupanqr period in 
the xhixer being about 30 seconds. The liquid 
mixture' was allows to fall on a moving 
bdt made'of polytetrafluoroethylene coated 
glassdoth whiai passed over a platen heated 
at 100*G After about 1 minute the misctnre 
solidified and after a further 4—5 mmiites 
was brdfen into strips and stoved in a nitro- 
goa atmosphere at llOfC .for 24 hours. ^ , 
-This product was mouMed {rein ah in-: 
jectibn inoiblding niadime . having a barrel 
t^npdrature increasing frbm*:180°CL at lthe 
rear to 200**C at tiie no2zIe and heated m 
an oven at- 1(^110**C for 20.hpurs to 
give w^fitftrfat having the following proper- 

. ties: ■ - . . ' :-\ . 



.70 



75 



SO 



90 



100 



DensOe strdigth. 
elonjg^tifHi at break 
permani^* set - ~' 
modulus, at 500% , 
. e9:t«Disic«i; . 
hardness^ . . - 



415 kg/an,* 
460% 

;50%.^ / ; 

"240ig/cm.^: ^fe: 
56? Shore D 



dycol having a hyiraxyl value of 55;8. mg. 
KOH/g:, 1325 parts 4.4^-diphenyl- 
: methane diisocyanate having an aadity 
eqmvalenf ta 0.002% by wdght of hydro- 
gen diloride and Xd07-piarte of : adipic add 
wCTe heated t<^^e3r at 86°C1 for 1 hour 
and cd61ed; The -rBisnltaht reaction jprod^- 
had an- isoc^^ of J€t6o% py 

wddit- -/ . :. - " 

This product was ptoped at . a . tempera- 
ture of KO'^C and.at a rate of 3000-g./hour 
to a jiiixing unit of about 25 ccl capacity 
-^dbsed in- an; electrical heating -element, 
and with an a^tor rotating at 6P0-npjn. 
By a separate feed line l,4rbutahediGl at 
50°G was pinped to-.theinixihg chaniber. 
at tte rate of 3118 gv/tow. The heater was 
adjusted sudi thatr the mixmg was .cbn- 
dudwi jSt 150°-.. C:. the ;oOTpancy :period 



110 



115 
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in the mixer being about 30 seconds. The 
liquid mixture was allowed to fall on a 
moving belt made of polytetrafluoroethylene 
coated glassdoth which passed over a 
5 platen heated at lOC'C After about 1 
minute the mixture solidified and after a 
further 4 — ^5 minutes was broken into 
strips and stoved in a nitrogen atmosphere 
at 110**C for 24 hours. 
10 The product was a thermoplastic material 
which was readily shaped by injection 
moulding and extrusion to give toug^ 
elastomeric mouldings. 

Example 7 

15 2694 Parts of p(^y(hexamethyl«ieadipate) 
having a hydroxyl value of 573 mg.KOH/g. 
and add value 2.00 mgJCOH/g.. 1744 parts 
of 4,4*-diphenylmethane diisocyanate having 
an acidity equivalent to 0.002% by wei^ 

20 of hydrogen chloride and 2.69 parts of 
adipic add were heated tc^ether at 80**C 
for 1 hour and cooled. The resultant reac- 
ti<m product had an isocyanate content of 
10^% byweigjit 

25 This product was pumped at a tempera- 
ture of 90**C and at a rate 3000 g./hour 
to a mixing unit of about 25 cc capadty 
endosed in an electrical heating element, 
and with an agitator rotating at 600 npon. 

30 By a separate feed Ime 1,4-butanediol at 
50®C, was pumped to the mixing diam- 
ber at the rate of 307 g./hour. The heater 
was adjusted such that the mixing was con- 
ducted at 102'' C, the occupancy period 

35 in the mixer being about 30 seconds. The 
liquid mixture was allowed to fall on a 
moving bdt made of polytetrafluoroethylene 
coated glassdoth which passed over a 
platen heated at lOO^'C After about 1 

40 mmute the mixture solidified and after a 
further 4 — 5 minutes was broken into strips 
and stoved in a nitrogm atmosphere at 
110**G for 24 hours. 
This j[^oduct was moulded from an in- 

45 jection moulding machine having a barrel 
tmperature mcreasing from 170**C. at the 
rear end to 190°C. at the nozzle and heated 
in an oven at 105— 110°C for 20 hours to 
give material having the following proper- 

60 ties: 



56 



chloride and 2.02 parts of adipic add were 
heated together at 80**C. for 1 hour and 65 
cooled. The resultant reaction product had 
an isocyanate content of 11.4% by weight 

This product was pumped at a tempera- 
ture of SO'^C. and at a rate of 3000 g./hour 
to a mixing unit of about 25 cc. capacity 70 
enclosed in an electrical heating dement 
and with an agitator rotating at 600 r.p.m. 
By a separate feed line 1,4-butanediol at 
50''C. was pumped to the mixing chamber 
at the rate of 350 g./hour. The heater was 75 
adjusted such that the mixing was con- 
ducted at 90° C the occupancy period in 
the mixer being about 30 seconds. The 
liquid mixture was allowed to fall on a 
moving bath made of polytetrafluoroethy- 80 
lene coated glassdoth whid^ passed over a 
platen heated at 100° C After about 1 
minute the mixture solidified and after a 
further 4 — ^5 minutes was broken into strips 
and stoved in a nitrogen atmos^i^iere at 85 
llO^C for 24 hours. 

This product was moulded from an injec- 
tion moulding madiine having a band tem- 
perature increasing from HO^'C. at the rear 
to 190**C at the nozzle and heated in an 90 
oven at lOS— llO'^C. for 20 hours to give 
material having the following properties: 



tensile strength 
elongation at break 
permanent set 
modulus at 300% 

extension 
hardness 



550 kg/cm.* 

500% 

40% 

240 kg/cm.« 
42 iShore D 



Example 8 

2020 Parts of poly(ethylene propylene 
adipate) (70/30 molar) having a hydroxyl 
60 value of 355 mgJCOH/g. and add value 
1.4 mg.KOH/g.. 1308 parts of 4,4»-diphenyl. 
methane diisocyanate having an aridity 
equivalent of 0.002% by wei^t of hydrogen 



tensile strength 
elongation at break 
permanent set 
modulus at 300% 

extenaon 
hardness 



562 kg/cm.* 

725% 

80% 

175 kg/cm* 
51 Shore D 



95 



Example 9 

2640 Parts of poly(ethylene/neoptylene 100 
adipate) (70/30 molar) having a hydroxyl 
value of 62.1 mgJKOH/g. and add value 
1.5 m^KOn/g, 1235 parts of hexamethyl- 
ene diisocyanate having an aridity content 
equivalent to less than 0.002% by wdght 105 
of hydrogen chloride and 2.64 parts of adi- 
pic add w^ heated at 100°Q for 2 hours 
and cooled. The resultant reaction product 
had an isocyanate content of 1236% by 
weight 110 

This product was pumped at a tempera- 
ture of 85°C and at a rate <rf 3000 g-/hour 
to a mixing unit of about 25 cc capadty 
enclosed in an electrical heatii^ dement» 
and with an agitator rotating at 600 r.pjn. 115 
By a separate feed line a mixture of 1500 
parts of 1,4-butanediol, 4.0 parts <rf dibutyl- 
tindilaurate and 1.38 parts <rf benzo^ 
chloride at 50*C was pumped to the mix- 
ing chamber at the rate of 407.4 g./hr. The 120 
heater was adjusted such that the mixing 
was conducted at 90**C, the occupancy 
period in the mker bring about 30 seconds. 
The liquid mixture was allowed to fall on 
a moving bdt made of polytetrafluoro- 125 
ethylene-coated glass? doth which passed 
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over a platen heated at 100** C After about 
1 minute the mixture solidified and aft^ a 
furtlier A — 5 minutes was broken into strips 
and stoved in a nitrogaoi atmosphere at 
5 80**C for 36 hours. 

This product was moulded from an in- 
jection moulding macliine having a banel 
temperature increadng from 140''C at the 
rear to 160''C at the nozzle and heated, m 
10 an oven at 105— llO'^C for 20 hours to 
give material having the following proper- 
ties: 



tensile strength 
elongation at break 
15 permanent set 

modulus at 300% 

extension 
hardness 



155 kg/cm." 

370% 

120% 

132 Isg/cssL 
43 Shore D. 



WHAT WE C3LAIM IS:— 

20 1. A process for the manufacture of 
thermopla^c; elastomeric i>olyuiethane 
polymers whLch comprises reacting tpgeth^ 
under sligbdy add conditu»is at a tempera* 
turc below lOO^C, preferably at from 50**C. 

26 to lOO^'C^ a( substantially Imear polyhy- 
droxy coiDpound of molecular wdgjit 
greater than 800 and preferably between 
800 and 5000, and an excess of an organic 
diisocyanate having an addi^ bdow 0.02% 

30 as determined by the method herein des- 
oibed, heating the .product so obtained to a 
temperature of 60 to 150"C and mixing 
with a tow'molecular wdght dibl supplied 
to the mixing vessd at a temperature of 

36 from 15 to 150"C with agitation fcM- a 
period of from 20 seconds to 3 minutes, 
thereafto: discharging the mixture from the 
mixiAg vessel, hea^ig it at from 70 to 
130°C until it solidified and thereafter 

40 heating the solidiM mixture at a tempera- 
ture up to l^O^'C for a period of from 6 
to 40 hours. 

2. A process as dahned in daim 1 
wherdn there is used a polyester or a pdy- 

45 eth^ as polyhydroxy compound. 



3. A process as daimed in daim 1 or 
daim 2 wherein there is used a polyhydroxy 
compound of mdting point lower than 

60''a . W/v 

4. A process as daimed in any of daims 50 
1 to 3 wherdn there is used a polyester 
having an add value less than 3 as poly- 
hydro3or compound. 

5. A process as claimed in any of daims 

1 to 4 wherein there is used a polyester of 65 
molecular wdght between 1000 and 2500 
dnived from a dicarboxylic acid having 
from four to ten carbon atoms and a glycol 
or mixture of glycols having from two to 
dgjit carbon atcmis. ^ 

6. A process as daimed in any of claims 
1 to 3 whadn ibcxe is used a polypropylene 
ethar polymer or a polytetrahydrofuran 
polymer as polyhydr^3ixy compound. 

7. A fffocess as daimed in any of daims 65 
1 to 6 wherein the organic diisocyanate used 

is OD& bavh:^ a syminetrical structure. 

8. A process as claimed in daim 7 
whotetn the organic diisocyante used is 
he3caniethyl^e-l»6-diisocyanate or 4,4*-di- 70 
phenyhnethane diisocyanate. 

9. A process as daimed in any of daims 
i to 8 wh^ein the low molecular wdght diol 
used is one which is capable of reacting 
with an organic diisocyanate as the sole 75 
other reactant to form a crystalline polymer 

of mdting point at least 150°C 

10. A process as daimed in any of 
daims 1 to 9 whereitt the amount of poly- 
hydroxy compound used forms from 40 to 80 
65% of the total weight of reactants. 

IL A process for the manufacture of 
a thermoplastic elastomeric polyurethane 
polymer substantially as herdnbdore des- 
cribed in Example 1. 85 

12. A process for the manufacture of a 
thermopla&c; dastom^c polyurethane 
polymer substantially as hereinbdore des^ 
cribed in any one of Examples 2 to 9. 

WALTER SCJOTT. 
A^t for the Applicants. 
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